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Abstract 
This article focuses on enterprise inflation expectations in Slovakia. Firstly, we propose a quantitative measure for enterprise 
inflation expectations based on results derived from the business tendency survey. The probability method (Carlson and Parkin 
method) is used for this purpose. Secondly, we proceed to test two specific models of enterprise inflation expectations formation 
in Slovakia – the rationality assumption model and the hybrid model assuming that inflation expectations can be partially 
forward-looking and partially backward-looking. Finally, we assess if the transmission of inflation expectations from one sector 
to another one can exist. Our analysis is conducted for companies operating in industry, construction, retail trade and services. 
Seasonally adjusted data from January 2002 (beginning of the business tendency surveys in Slovakia) to May 2015 are used, 
although some tests are done specifically for the post-euro introduction period (from January 2009). 
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1. Introduction 
Although various papers deal with inflation expectations (IE hereafter) of economic agents in different EMU 
member states (see for example Forsells and Kenny (2004) or Dias et al. (2010)), this field of research is less 
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developed in Slovakia (see for example Zimková and Úradníček (2004) or Kráľ et al. (2007)). Other Central and 
Eastern European countries, which continue to perform their independent monetary policy outside the euro area, are 
motivated for IE testing because of a generally accepted postulate that they can represent leading indicator for 
monetary policies. This is true especially in the context of central banks willing to apply IE channel of monetary 
transmission mechanism to control inflation (e.g. Poland or Czech Republic). As the European Central Bank is also 
committed to a price-oriented monetary policy, complex knowledge about IE of various economic agents in all 
countries of the Eurozone, including Slovakia, is desirable. 
Theoretical economists assume inflation expectations play an important role in the economy through their 
position in individual decision-making process of economic agents. For empirical economists, the study of IE 
formation on one side and their impact on current inflation on the other is of special interest. The assessment of the 
process of formation of IE is relevant for understanding how economic agents make decisions. In this context, 
rational expectations hypothesis introduced by Muth (1961) has received more attention in the literature. As being 
underlined by Dias et al. (2010), the rational expectations hypothesis has been subject to debate, which partly owes 
its existence to the inherent difficulties associated with testing a variable which is not easily measurable. Concerning 
research of the influence of IE on individual behavior of economic agents (and thus on actual inflation), the latter is 
examined specifically in current phase of business cycle - at time of zero lower bound period (see for example 
Bachman et al. (2015)). Our article tries to contribute to the first aspect of the role of IE in the economy. To do so, 
we firstly focus on possibilities of IE measurement in the context of Slovak economy. Afterwards, we analyse 
specific features of IE formation while testing their rationality and forward-lookingness. Finally, we put the mutual 
relationship between IE of economic agents in different economic sectors under question. 
Traditionally, the empirical research of IE focuses on consumers for at least two reasons. Firstly, the impact of 
consumer IE on consumption behavior and wage formation (labour supply side) is an important issue in the 
economy (see for example Horehájová and Marasová (2014)). Secondly, the consumers IE are directly linked to the 
generally accepted measure of inflation rate such as year-on-year change of the consumer price index. However, 
enterprise IE can also represent an interesting reference value because of their possible impact on investment 
spending of companies or on wage formation (labour demand side). Thus, companies can not only influence, but 
also predict future inflation if we consider managers to be better-informed and/or better-experienced in 
macroeconomic forecasting (especially in the case of larger companies possessing the capacity for analysis of the 
macroeconomic environment of companies) than other groups of economic agents such as consumers. This 
condition depends on form of formation of IE of companies which is examined in our study. 
2. Measurement of enterprise inflation expectations in Slovakia 
In the absence of direct measures of enterprise IE in Slovakia - no survey proposing the quantitative data of 
expected inflation rate is available - some indirect measures can be applied. The surveys concerning the qualitative 
data about changes in price level which businesses in Slovakia anticipate are not provided on a regular basis (for 
instance in Poland, such a survey is undertaken quarterly by the National bank of Poland). However, the data from 
the Joint Harmonised EU Programme of Business Surveys are available in all EU member states, (including 
Slovakia). In this survey, the drawback of being purely qualitative data is compensated by their regularity, early 
availability and there being no necessity for revision. 
In the framework of Business Tendency Survey (BTS hereafter) in Slovakia, there is one question regarding 
prices expectations which companies operating in different economic sectors, namely industry, construction, 
services and retail trade, are asked to answer: Do you expect the prices you charge will rise/fall/stay unchanged in 
the following three months? Thus, enterprises state their opinions about future development of prices concerning a 
very short period. This kind of research started in January 2002, so relatively long time series of seasonally adjusted 
data are available now. 
Several doubts should be mentioned concerning the capacity of results of BTS to represent enterprise IE. Firstly, 
one can argue that the enterprises are not asked about their expectations concerning the future development of the 
general price level (external-type question) but about the prices of their products (internal-type question). However, 
the factors influencing the price strategies at the microeconomic level are close to those that can be eventually 
aggregated as factors responsible for inflation development at the macroeconomic level. In other words, an 
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enterprise expecting changes in the general price level is more willing to adapt its own price strategy to these 
expectations. The preference to use internal-type questions in BTS comes from an idea that business tendency 
survey questionnaires should be focused on questions where the respondent may be expected to have particularly 
good knowledge (OECD, 2003). On the other hand, the results of internal-type questions are less likely to be subject 
to announced inflation forecasts or monetary policy inflation goals (Pesaran (1985)). 
Another doubt concerning the use of BTS results for enterprise IE specification can concern a time horizon of 
three months. This period doesn´t correspond to the standard horizon applied for measurement of changes in price 
level, such as a year or a month. Moreover, the horizon of three months is too short to represent IE having 
considerable impact on decisions of companies (like investment decisions) which are rather longer-term oriented. In 
this context, we should mention one shortage of BTS which can eventually become an argument for using BTS 
results for the purposes of our research: respondents may not use the reference period specified in the questionnaire 
in answering the question (OECD, 2003). There is no proof, however, that the majority of enterprises answer by 
applying longer than a three-month horizon in their forecast when replying to the BTS question. 
To sum up, the results of BTS concerning price expectations are not a perfect measure for enterprise IE. 
However, we think they can be used as a proxy measure of short-term expectations and their short-run prediction 
capacity can be tested. In some countries, for instance, in the context of Slovak economy, they represent the only 
existing data source in the area. 
The use of qualitative data requires a necessary step to transform them into quantitative figures in order to be 
comparable with the benchmark quantitative variable, such as observed inflation rate. Several competing methods 
are applied for this purpose in the literature, mainly the probability method, the regression method and the balance 
statistics method. As there is some evidence in favor of the probability method, known as the Carlson and Parkin 
method (see for example Nardo (2003) or Millet (2006)), we used this method for estimation of enterprise IE in 
Slovakia. The key assumption of this method is based on the fact that. The aggregate proportion of respondents (in 
percentage) that provides a specific answer can be interpreted as a particular area under an aggregate probability 
density function. As answers in BTS are given according to a three-option ordinal scale: “increase” (+), “remain 
unchanged” (=) and “decrease” (-), the initial formulae of the Carlson and Parkin method can be applied in our 
research (see Carlson and Parkin, 1975). 
Concerning the distribution for inflation expectations, the normal distribution has been proposed by Carlson and 
Parkin (1975) and became very popular in the literature. However, this approach, based on the Central Limit 
Theorem, came under some criticism and other types of distribution can be found in the literature (see for example 
Oral, 2013). By deciding to apply normal distribution in our research, we follow Löffler (1999) whose presentation 
supposed that assuming normality does not affect the results significantly. 
The application of the Carlson and Parkin method requires a settlement of an interval centered at zero. The 
respondents would report no change in expected inflation if their IE fell within this interval. According to Wachtel 
(1977) methodology, we decide to set the interval [-1.25, 1.25]. Thus, the following equations are applied for IE 
estimation: 
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Fig. 1. Observed and expected three-month change in CPI 
 
Table 1 Inflation expectation errors 
Sector ME RMSE MAE 
BUIL 0.25 1.10 0.74 
INDU 0.50 1.25 0.74 
RETA 0.45 1.19 0.74 
SERV 0.50 1.20 0.77 
 
We used R 3.2.0 (R core team, 2015) to perform our analysis. The results of estimated quantified enterprise IE 
(in %) derived from BTS are compared to calculated actual three-month change in price level (inflation in %) 
measured by consumer price index (Figure 1). As we can see, the “expected three-month inflation rate” varies across 
different economic sectors (INDU-Industry, BUIL-Buildings construction, RETA-Retail Trade and SERV-
Services), but in all sectors, the enterprises tend to underestimate future inflation at moments of its significant 
increase. The corresponding inflation expectation errors are listed in Table 1. One could assume that sectors whose 
products are more represented in CPI index should achieve smaller values of inflation expectations errors. But the 
results in Table 1 do not indicate any important differences between sectors. 
3. Rationality of enterprise inflation expectations in Slovakia 
Since its adoption by Lucas (1972), rationality of expectations represents one of the widely accepted and 
examined paradigms of macroeconomic analysis. This concept presumes economic agents form their expectations in 
a way similar to the informed and experienced predictions derived from relevant economic theory. In practice, for 
testing the validity of rational expectations hypothesis, the literature proposed several approaches (see Pesaran 
(1985)). Usually, two principal requirements are tested: unbiasedness and macroeconomic efficiency. Unbiased IE 
assume that economic agents do not make systematic errors when forecasting inflation. Regarding efficiency, this 
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approach is assuming that economic agents use all relevant disposable information when making their expectations. 
In a weak form of efficiency testing, the statistical significance of past observed inflation values in a regression with 
forecast error is examined. In a strong-form efficiency, the use of a wider set of reliable information is usually 
tested.  
Following Lyziak (2012), we have proceeded to test the unbiasedness property of enterprises IE by estimating the 
equation: 
 
 tt
e
tt HSEDS   .3  (3) 
 
where  is the expected three-month inflation rate formed in time t-3, is the observed three-month change 
in CPI in time t. The hypothesis =0 and =1 is tested. We used function linearHypothesis (Fox et al., 2013) from 
the R package car (Fox and Weisberg, 2011). The rejection of this hypothesis indicates the existence of bias in 
inflation expectations. Our estimation results (Table 2) indicate the existence of bias in estimated IE for all evaluated 
sectors in two evaluated periods – the whole period for which the data are available (January 2002-May 2015) and 
the period after the adoption of the Euro in Slovakia (January 2009- May 2015). The starting point of the second 
period coincides closely with the moment at which the economic and financial crisis started in Europe and in 
Slovakia (to find particularities of economic and financial crisis consequences in Slovakia, see for example 
Mazúrová and Kollár (2014) or ). The split of the sample into this sub-period was done in order to identify eventual 
changes in enterprise IE connected to the period of euro adoption and the period of relatively smaller changes in 
price level (due to both euro adoption and economic crisis – the effects of both of these phenomena are difficult to 
separate). 
 
Table 2 Bias of IE 
 Full sample 
Sector 2
adjR  D (p-value) E (p-value) 0 1D E    
p-value 
BUIL 0.13 0.35 (0.00) 0.21 (0.00) 0.00 
INDU 0.13 0.13 (0.00) 0.14 (0.00) 0.00 
RETA 0.20 0.20 (0.00) 0.21 (0.00) 0.00 
SERV 0.08 0.17 (0.00) 0.13 (0.00) 0.00 
 Post-euro introduction period 
BUIL -0.01 -0.04 (0.42) -0.001 (0.98) 0.00 
INDU 0.09 -0.03 (0.36) -0.152 (0.01) 0.00 
RETA 0.23 0.04 (0.51) 0.350 (0.00) 0.00 
SERV -0.01 -0.04 (0.21) 0.020 (0.68) 0.00 
 
Although our results show biased enterprise IE and that the hypothesis of fully rational expectations can be 
directly rejected, Paquet (1992) and Dias et al. (2010) argue that if there is a cointegration between the observed and 
expected inflation, it can indicate some sort of so-called weak form of rationality. In our case, observed and 
expected inflation can be seen as stationary (at the significance level 0.1), except the expected inflation for the sector 
RETA in the post-euro period (see Table 3). 
 
Table 3 Phillips-Perron Unit Root Test 
 Full sample Post-euro period 
 t-statistic p-value t-statistic p-value 
Observed inflation -5.49 0.01 -3.22 0.09 
BUIL -3.31 0.07 -3.97 0.02 
INDU -6.99 0.01 -5.15 0.01 
RETA -3.91 0.02 -2.05 0.55 
SERV -5.04 0.01 -4.48 0.01 
 
Further, the weak-efficiency is tested in our study. As being the case in Forsells and Kenny (2004), the following 
equation is estimated: 
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Where  is the expected three-month inflation rate formed in time t-3, is the observed three-month change 
in CPI in time t, is the observed year-on-year change in CPI referring to the period t-5 (available after 
publication lags of two months in time t-3). According to our estimations (Table 4), we find that the sector of 
services (SERV) was weak-efficient in the full period 2002 – 2015 as well as in the post-euro period. 
 
Table 4 Weak efficiency of IE  
Sector Full sample Post-euro period 
 
1D  (p-value) 1D  (p-value) 
BUIL -0.01 (0.759) -0.15 (0.00) 
INDU -0.09 (0.016) -0.12 (0.00) 
RETA -0.06 (0.070) -0.06 (0.10) 
SERV -0.03 (0.410) -0.05 (0.25) 
 
To summarize, none of the analysed economic sector satisfies the conditions of fully rational IE (the evidence of 
weak form of rationality of IE of companies operating in retail trade sector can be followed). These results are valid 
not only for the full sample but also for the post-euro introduction period in Slovakia. 
4. Degree of forward-lookingness in enterprise inflation expectations in Slovakia 
After rejecting a fully-rational model of the formation of inflation expectations, a hybrid model of expectations 
formation can be considered. As it has been proposed by Lyziak (2012), expectations can be comprised of not only 
forward-looking but also backward-looking portions. In case of enterprise IE, the static character of backward-
looking expectations specification lead to the following equation: 
 
   ttte tt HSESEDS   233 .1.  (5) 
 
where represents the expected three-month inflation in period t, is the observed three-month inflation 
rate in period t+3, and  is the observed three-month inflation from period t-2 (known by enterprises in time t).  
Thus, the parameter  in (5) represents the degree of forward-lookingness. We transformed (5) to 
 
   tttte tt HSSEDSS    2323 .  (6) 
 
and we used a simple OLS method to estimate β. Our results are listed in Table 5. 
 
Table 5 Degree of forward-lookingness of IE  
 Full sample Post-euro period 
Sector 2
adjR  E (p-value) 1- E  2adjR  E (p-value) 1- E  
BUIL 0.59 0.55 (0.00) 0.45 0.38 0.49 (0.00) 0.51 
INDU 0.57 0.55 (0.00) 0.45 0.53 0.60 (0.00) 0.40 
RETA 0.62 0.50 (0.00) 0.50 0.59 0.58 (0.00) 0.42 
SERV 0.57 0.56 (0.00) 0.44 0.45 0.43 (0.00) 0.57 
 
We can see that, except in the sector of buildings construction in the post-euro period, forward-lookingness 
prevails in all assumed sectors in both periods. The degree of forward-lookingness seems to increase in industrial 
and retail trade companies in the post-euro period. 
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5. Cross-sectorial transmission of enterprise inflation expectations in Slovakia 
As described by Lyziak (2012), models of epidemiological expectations assume that not all economic agents 
form their own inflation expectations – companies which are not experienced in analysing large data sets and 
macroeconomic forecasting (small and medium sized enterprises) can base their inflation predictions on information 
provided by other companies (for example via existence of business-to-business direct links). 
In order to identify a possible transmission of enterprise inflation expectation between different sectors in 
Slovakia, we utilize Granger causality (Granger, 1969). Contrary to the results listed in Table 4, the function ndiffs() 
from the package forecast (Hyndman and Khandakar, 2008; Hyndman, 2015) indicates that the first differences are 
required in some cases to get stationary time series required for computation of Granger causality. 
 
Table 6: Granger causality 
Cause BUIL INDU RETA SERV 
Full sample 
BUIL * 0.03 0.35 0.4 
INDU 0.08 * 0.55 0.01 
RETA 0.16 0.06 * 0.17 
SERV 0.72 0.04 0.86 * 
Post-euro introduction period 
BUIL * 0.1 0.1 0.18 
INDU 0.24 * 0.31 0.01 
RETA 0.88 0.48 * 0.35 
SERV 0.77 0.55 0.14 * 
 
The results of the Granger causality procedure (assuming lag 4) using the R package lmtest (Zeileis and Hothorn, 
2002) can be found in Table 6. According to them, retail trade IE Granger-cause industrial IE in the whole period 
2002 – 2015. Moreover, industrial IE Granger-cause services IE in the post-euro period.  
6. Conclusion 
The aim of our paper was to contribute to the debate about formation of inflation expectations in particular 
economic agents - companies. The expected three-month percentage changes in price level were derived from the 
results of a business tendency survey in Slovakia held between January 2002 and May 2015 among companies in 
industry, building construction, retail trade and services. The comparison of quantified inflation expectations with 
observed three-month changes in CPI index leads to a statement that in all sectors, expected price changes 
systematically do not capture the corresponding observed inflation rate. Testing the rationality of enterprise IE in 
Slovakia indicated that the conditions necessary to comply with the rational expectations hypothesis were not 
satisfied in any one of the four economic sectors analysed. However, testing the hybrid models of IE formation 
suggested that IE of Slovak companies are slightly more forward-looking than backward-looking. The degree of 
forward-lookingness appeared to increase in industrial and retail trade companies in the post-euro introduction 
period. Moreover, it seemed that there may exist a certain form of causality between IE of retail trade companies 
and industrial companies, as well as between industrial IE and services IE in the post-euro introduction period. 
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